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BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

[001] The invention relates to electronic devices. Specifically, the invention 
relates to apparatus, systems, and methods for conserving power used by an electronic 
device. 

DESCRIPTION OF THE RELATED ART 

[002] Conventional users have high expectations for today' s electronic devices. 
The user expects their computer, Personal Digital Assistant (PDA), laptop, tablet, game 
device, and other electronic device to provide a bright, vivid, color screen, a highly 
responsive processor, and a high quality stereo sound. These features generally consume 
large amoimts of power. 

[003] Even if power is readily available, such as when using a conventional 
power outlet, certain users also expect the electronic device to conserve power as much as 
possible. Power conservation is particularly important for portable electronic devices 
such as laptops, PDAs, tablets, and the like. Batteries for portable electronic devices are 
unable to provide bright screens and highly responsive processors for more than a few 



now to certain subsystems of the electronic device. Typically, the power is reduced or 
shut-off in response to inactivity of the subsystem. For example, if no files have been 




hours before the batteries are exhausted. Short battery hfe can severely limit the 
portability of a portable electronic device. 



[004] Accordingly, power management systems have been developed, 
particularly for portable electronic devices such as laptops, which extend the useable life 
of the batteries. Generally, these power management systems reduce or ttim off power 
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accessed for a predetermined length of time, the disk drive(s) may be shut-off or the 
platters of the disk drive(s) may be allowed to spin-down. Similarly, if an Input/Output 
(I/O) device such as a keyboard, mouse, touch screen, or the like has not registered an 
input from a user for a period of time, high power consumption subsystems and/or 
circuits may be powered down. 

[005] Conventional power management systems use internal timers which begin 
counting down once there is a lack of input from a user or lack of activity for certain 
subsystems. Generally, to avoid constant powering up and powering down of 
subsystems, the timers are relatively long ( typically 1 to 5 minutes) to account for normal 
user inactivity in relation to the electronic device. However, if a user is not even in close 
enough proximity to use the electronic device, the delay until the timer expires 
unnecessarily wastes power. 

[006] In addition, lack of input from a user may not mean the user is not using 
the electronic device. For example, a user may be studying a complex figure or reading a 
large quantity of text on the display such that a timer expires and the power management 
system dims or shuts down the display. Such behavior can quickly annoy a user and may 
cause a user to increase the timers, which may waste more power when the user is not 
present. 

[007] Conventional power management systems manage power based on the 
presence or absence of a user. Generally, in these systems, some form of presence sensor 
detects whether a user is in close proximity to the electronic device. If so, the power 
management system may continue to powCT certain subsystems, even if a timer has 
expired. 

[008] Unfortunately, the presence or absence of a user does not provide 
sufficient information for effective power management. For example, a user may be 
positioned in front of a laptop at his/her desk studying documents instead of using the 

2 

IBM Docket No.: RPS9200301 80USI ^^>^ & Associates Docket No.; 1300.2.27 



computer. In such an instance, conventional presence detection oriented power 
management devices continue to power subsystems such as an LCD display, even though 
the user is not viewing the display. 

[009] In addition, conventional power management systems, both timer based 
and presence detection oriented, generally transition between a full power state and 
minimal power state (only presence sensors powered). Such a transition incurs a delay 
when the subsystems are powered up or powered down. This delay is referred to herein 
as latency, and may range from several seconds to a couple of minutes. Users have come 
to expect an immediate response from electronic devices, and latency delays of several 
seconds may cause users to avoid or disable such power management systems. 

[010] Furthermore, as portable electronic devices are carried about and used, 
power management systems that rely on presence detection may incorrectly register the 
presence of a user. For example, as a PDA or tablet is carried, a user's hand may be 
incorrectly interpreted as a user prepared to interface with the device. Consequently, 
power may be needlessly wasted. 

[01 1] Accordingly, what is needed is an apparatus, system, and method for 
adjusting power use in an electronic device naturally, such that power is shut-off and 
restored to subsystems in response to movements of a user in relation to the electronic 
device. The apparatus, system, and method should adjust the power level between a 
plurality of power levels to minimize power-up and power-down latency. In addition, the 
apparatus, system, and method should manage power based on indications from a user 
beyond simple presence or absence to optimize power use. The apparatus, system, and 
method should adapt power management to the use habits of the user. 
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BRIEF SUMMARY OF THE INVENTION 

[012] The present invention has been developed in response to the present state 
of the art, and in particular, in response to the problems and needs in the art that have not 
yet been met for power adjustment in electronic devices. Accordingly, the present 
invention has been developed to provide an apparatus, system, and method for adjusting 
power in electronic devices that overcome many or all of the above-discussed 
shortcomings in the art. 

[013] An apparatus according to the present invention includes a collector, a 
determination module, and a power control module. The collector collects indicia of a 
user's body position in relation to an electronic device for a user who maintains close 
proximity to the electronic device. The indicia represent various anatomical states of a 
user in various body positions. The determination module determines a suitable power 
state for the electronic device based on the indicia. The power control module adjusts 
power supplied to subsystems of the electronic device to transition the electronic device 
to the determined power state. 

[014] In certain embodiments, the determination module may select a power 
state from a plurality of hierarchical power states such that the determination module may 
select a higher power state, a lower power state, or a lowest power state based on the 
indicia. In one embodiment, the determination module measures a time interval that a 
user maintains a body position and selects a power state such that a latency period 
§ Ss associated with the power state is less than the measured time interval. The time interval 

O < I i preferably measuring a period of user inactivity. 

< S g [01 51 In one embodiment, the collector polls a plurality of sensors to collect 

^ i H 3 indicia of a user's body position. Alternatively, the collector may receive signals from a 

§ 2 S plurality of sensors representative of the indicia. The collector is configured to collect 



CO 



IBM Docket No.: RPS920030180USI 



Kunzlerft Associates Docket No.; 1300.2.27 



indicia for a plurality of body positions including the focusing of a user's eye on a display 
device coupled to the electronic device. 

[016] A system of the present invention is provided for power adjustment. The 
system includes a display, a human input device, a processing subsystem, a power 
regulator, one or more sensors, a collector, a determination module, and a power control 
module. The collector, determination module, and power control module may operate in 
a manner similar to those described above in regard to the apparatus. The power 
regulator controls a power supply provided to the display, human input device, and 
processing subsystem. The sensors detect one or more characteristics of a user's body 
position. 

[017] hi certain embodiments, the sensors comprise a digital camera that 
captures a series of images of the user. The collector analyzes the images and identifies 
control points on a user in the images. The collector then determines mdicia of a user's 
body position based on the control points. 

[018] A method of the present invention is also presented for power adjustment 
in an electronic device. In one embodiment, the method includes collecting indicia of a 
user's body position in relation to an electronic device. Next, a power state is determined 
for the electronic device based on the indicia. Finally, the power suppUed to subsystems 
of the electronic device is selectively adjusted to transition to the determined power state. 
The indicia may represent a plurality of anatomical states of a user and a power state may 
be selected fix)m a pluraUty of hierarchical power states. 

[019] The features and advantages of the present invention will become more 
fully apparent firom the following description and appended claims, or may be learned by 
the practice of the invention as set forth hereinafter. 
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RRIFF PFSCRTPTION OF THE DRAWINGS 

[020] In order that the advantages of the invention will be readily understood, a 
more particular description of the invention briefly described above will be rendered by 
reference to specific embodiments that are illustrated in the appended drawings. 
Understanding that these drawings depict only typical embodiments of the invention and 
are not therefore to be considered to be limiting of its scope, the invention will be 
described and explained with additional specificity and detail through the use of the 
accompanying drawings, in which: 

[021] Figure 1 is a diagram illustrating an electronic device suitable for 
implementing one embodiment of the present invention; 

[022] Figure 2 is a schematic block diagram illustrating an electronic device 
suitable for implementing one embodiment of the present invention; 

[023] Figure 3 is a schematic block diagram illustrating one embodiment of an 
apparatus in accordance with the present invention; 

[024] Figure 4A is a chart illustrating a plurality of power levels which certain 
embodiments of the present invention may enter; 

[025] Figure 4B is a chart illustrating a plurality of anatomical states represented 
by various body positions of a user in certain embodiments of the present invention; 

[026] Figure 5 is state diagram illustrating power states for one embodiment of 
the present invention; 




[027] Figure 6 is a schematic flow chart diagram illustrating a method for power 
adjustment in an electronic device; and 

[028] Figure 7 is a schematic flow chart diagram illustrating a method for power 
adjustment in an electronic device such that selection of a next power state adapts to a 



user's behavior. 
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0 11 i together, comprise the module and achieve the stated purpose for the module. 



DETAILED DESCRIPTION OF THE INVENTION 

[029] It will be readily understood that the components of the present invention, 
as generally described and illustrated in the figures herein, may be arranged and designed 
in a wide variety of different configurations. Thus, the following more detailed 
description of the embodiments of the apparatus, system, and method of the present 
invention, as represented in Figures 1 through 7, is not intended to limit the scope of the 
invention, as claimed, but is merely representative of selected anbodiments of the 
invention. 

[030] Many of the functional units described in this specification have been 
labeled as modules, in order to more particularly emphasize their implementation 
independence. For example, a module may be implemented as a hardware circuit 
comprising custom VLSI circuits or gate arrays, off-the-shelf semiconductors such as 
logic chips, transistors, or other discrete components. A module may also be 
implemented in programmable hardware devices such as field programmable gate arrays, 
programmable array logic, programmable logic devices or the like. 

[03 1 ] Modules may also be implemented in software for execution by various 
types of processors. An identified module of executable code may, for instance, comprise 
one or more physical or logical blocks of computer instructions which may, for instance, 
be organized as an object, procedure, fimction, or other construct. Nevertheless, the 
executables of an identified module need not be physically located together, but may 
comprise disparate instructions stored in different locations which, when joined logically 



< ?2 § S [0321 Indeed, a module of executable code could be a single instruction, or many 

^ B ^ 3 instructions, and may even be distributed over several different code segments, among 

§ 2 s different programs, and across several memory devices. Similarly, operational data may 

^ be identified and illusti-ated herein within modules, and may be embodied in any suitable 
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form and organized within any suitable type of data structure. The operational data may 
be collected as a single data set, or maybe distributed over different locations including 
over different storage devices, and may exist, at least partially, merely as electronic 
signals on a system or network. 

[033] Reference throughout this specification to "a select embodiment," "one 
embodiment," or "an embodiment" means that a particular feature, structure, or 
characteristic described in connection with the embodiment is included in at least one 
embodiment of the present invention. Thus, appearances of the phrases "a select 
embodiment," "in one embodiment," or "in an embodiment" in various places throughout 
this specification are not necessarily all referring to the same embodiment. 

[034] Furthermore, the described features, structures, or characteristics may be 
combined in any suitable maimer in one or more embodiments. In the following 
description, numerous specific details are provided, such as examples of programming, 
software modules, user selections, user interfaces, network transactions, database queries, 
database structures, hardware modules, hardware circuits, hardware chips, etc., to provide 
a thorough understanding of embodiments of the invention. One skilled in the relevant 
art will recognize, however, that the invention can be practiced without one or more of 
the specific details, or with other methods, components, materials, etc. hi other instances, 
well-known structures, materials, or operations are not shown or described in detail to 
avoid obscuring aspects of the invention. 



[035] The illustrated embodiments of the invention will be best understood by 




reference to the drawings, wherein like parts are designated by like numerals throughout. 
The foUowmg description is intended only by way of example, and simply illustrates 
certain selected embodiments of devices, systems, and processes that are consistent with 



the invention as claimed herein. 
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[036] Figure 1 illustrates a user 102 positioned in close proximity to an 
electronic device, such as a laptop computer 104. Laptops are notorious for having very 
limited battery Ufe. One major consumer of power in a laptop 104 is the display 106. 
Typically, the display 106 uses LCD technology with a backlight to provide the 
brightness expected by the user 102. 

[037] As mentioned above, conventional power management based strictly on 
whether or not a user is in close proximity to an electronic device does not optimally 
conserve power and provide rapid power restoration in response to user actions. For 
example, students in many classrooms and lecture halls use laptop computers 104 to take 
notes. The user 102 may sit for extended periods of time in front of the laptop 104 
without using the laptop 104. Strictly presence detection systems would continue to fully 
power the laptop 104. 

[038] Detecting user proximity in conjunction with timers may also be 
inadequate because of the extended delay before the laptop subsystems are powered to an 
operational level. In addition, timers may shutdown a display 106, for example, when a 
user is studying the display 106 but not providing input to the laptop 104 through a 
keyboard 108 or other human input device, such as a mouse (not shown) or pointer 110. 

[039] One embodiment of the present invention may be implemented in the 
laptop 104 such that power management is autonomic. As used herein, "autonomic" 
means that the power management system regulates the power in a manner that is natural 
and expected without overt user involvement. With autonomic power management, the 
user may not be aware that power management is happening. 

[040] The power management system regulates power such that the electronic 
device is fully operational when needed yet saves the most power possible when the user 
is present but not using one or more subsystems of the electronic device. For example, if 
the user 102 stares at the display, storage devices, such as hard drives, may be shutdown 
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while the display is lit. If the user 102 looks away from the display, the display may 
immediately darken as power is reduced. However, when the user 102 re-focuses on the 
display, the display may immediately illuminate for use. 

[041 ] Figure 2 illustrates a schematic block diagram of one embodiment of an 
electronic device in accordance with the present invention. In certain embodiments, the 
electronic device is a laptop computer 104. Nevertheless, the device may constitute any 
type of electronic equipment, including a tablet computer, a PDA, and the like. 

[042] The device, hereinafter by way of example a laptop 1 04 may include a 
processor or CPU 202. The CPU 202 may be operably coupled to one or more memory 
devices 204. The memory devices 204 may include a non-volatile storage device 206 
such as a hard disk drive or CD ROM drive, a read-only memory (ROM) 208, and a 
random access volatile memory (RAM) 210. 

[043] The laptop 104 in general may also include one or more input devices 212 
for receiving inputs from a user 102 or from another device. The input devices 212 may 
mclude a keyboard 108, pointing device 1 10, touch screen, or other similar human input 
devices. Similarly, one or more output devices 214 may be provided within or may be 
accessible from the laptop 104. The output devices 214 may include a display 106, 
speakers, or the like. A network port such as a network interface card 216 may be 
provided for connecting to a network. 

[044] Within an electronic device such as the laptop 104, a system bus 218 may 
operably interconnect the CPU 202, the memory devices 204, the input devices 212, the 
output devices 214, the network card 216, and one or more additional ports 220. The 
ports 220 may allow for connections with other resources or peripherals, such as printers, 
digital cameras, scanners, and the like. 

[045] The laptop 104 also includes a power management unit 224 in 
communication with one or more sensors 226. The power management unit 224 
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autonomically adjusts the power level to one or more subsystems of the laptop 104. Of 
course, the subsystems may be defined in various manners. In the depicted embodiment, 
the CPU 202, ROM 208, and RAM 210 may comprise a processing subsystem. Non- 
volatile storage 206 such as disk drives, CD-ROM drives, DVD drives, and the like may 
comprise another subsystem. The input devices 212 and output devices 214 may also 
comprise separate subsystems. 

[046] The power management unit 224 may receive signals from one or more 
sensors 226 configured to detect characteristics about a user's body position. The sensors 
226 may comprise infrared sensors, radio sensors, motion sensors, heat sensors, carbon 
dioxide sensors, biomefric eye scanners, audio sensors, still or video camera sensors, or 
the like. 

[047] The sensors 226 are configured to detect a plurality of characteristics about 
a user's body position with more particularity than merely whether or not a user is in 
close proximity to the laptop 104. The sensors 226 may be special purpose hardware 
devices or may be integrated with other devices, such as a microphone that also serves as 
an audio sensor or a digital camera that also serves as a motion detector. 

[048] In response to information from the sensors 226, the power management 
unit 224 adjusts the power level of one or more subsystems of the laptop 104. In one 
embodiment, the power management unit 224 controls a power regulator 228. The power 
regulator 228 may comprise an inverter or other electrical switch which enables the 
s 5 power supply provided to the various subsystems to be adjusted between completely off 

0 1 1 i and having a ftiU function power supply. 

<t^i: [049] Figure 2 illusfrates the power management unit 224 as a separate unit. 

PigEl However, those of skill in the art will recognize that the power management unit 224 may 

1 2^ be implemented as software or microcode within the RAM or ROM of the laptop 104. 

^ Similarly, the sensors 226 may be integrated with, or external to, the laptop 104. 
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[050] Referring now to Figure 3, the power management unit 224 is described in 
more detail. The power management imit 224 includes a collector 302, a determination 
module 304, and a power control module 306. hi one embodiment the collector 302 
communicates directly with the sensors 226. The collector 302 collects indicia of a user's 
body position in relation to the display 106 and/or a human input device such as a 
keyboard, 108. The sensors 226 may detect a variety of characteristics about a user. The 
characteristics may indicate anatomical characteristics of a user 102 as well as chemical 
and/or biological characteristics. For example, one sensor 226 may detect whether a user 
102 is focusing his/her eyes on the display 106. Another sensor 226 may detect whether 
carbon dioxide levels around the electronic device have increased to a level consistent 
with a human user 102 being present. 

[05 1 ] Still another sensor 226 may detect how a user's hands and arms are 
positioned. This sensor 226 may detect not only whether the hands are near a keyboard 
108 or other human input device, but also whether the hands are positioned such that 
normal input may commence. For example, the sensor 226 may comprise an infrared 
sensor configured to determine a user's hand geometry. If tfie hands are positioned for 
typing, the hand geometry may indicate this. If not, the hands may be near the keyboard 
108, but the user 102 may not be prepared to enter any data. In one embodiment, if the 
hands or arms are folded, the sensor may provide indicia of such a body position to the 
collector 302. Folded hands or arms may mdicate the user 102 is concentrating and not 
prepared to alter any data. 

[052] In certain embodiments, the collector 302 collects indicia of body position 
from a plurality of sensors 226. These indicia are used together to determine which 
subsystems should be operational such that the user 102 may commence interacting with 
the elecfronic device 104. For example, hand sensors 226 may detect that the hands are 
properly positioned over the keyboard 108 and eye sensors 226 may detect that the user 
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102 is focusing his/her eyes on something other than the display 106. Consequently, 
power to the keyboard 108 and its associated circuits may be suppUed, while power to the 
display 106 is reduced or shut off. 

[053] Preferably, the collector 302 collects and organizes the indicia from a 
plurality of sensors 226. The collector 302 may periodically poll the sensors 226 for the 
indicia. Altematively, the sensors 226 may dynamically report the indicia in response to a 
change in a characteristic being detected. For example, the motion sensor 226 may 
continuously monitor for motion and send a signal to the collector 302 when motion is 
detected. 

[054] The collector 302 communicates the indicia to the determination module 
304. In one embodiment, the indicia comprise parameter values that are provided to the 
determination module 304. Of coxirse, the indicia may have various other formats and 
configurations. 

[055] The determination module 304 reviews the indicia and determines a proper 
power state in accordance with the indicia. The determination module 304 includes 
suitable conditional logic to select a power state such that the most power is saved and the 
laptop 104 returns to full operation from a power saving state within the shortest latency. 
Once the determination module 304 selects a power state, the power control module 306 
activates the proper switches, inverters, and other electrical components to transition the 
electronic device, or laptop 104, to the determined power state. 

[056] Latency, as used herein, means the period of time required for an 
electronic device to transition to another power state which uses more or less power than 
the current power state. Latency may include initialization processes as well as self- 
diagnostic tests. It is desirable that latency in powering up an electronic device be 
minimized, because the user 102 may be waiting for the computer to power up. The 
present invention also considers latency in powering down the electronic device. Because 
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the user 102 may still be present, it is desirable that the electronic device respond quickly 
when the user indicates an intention to use certain subsystems. 

[057] Preferably, the determination module 304 is configured to select from a 
plurality of power states. A power state refers to the number and kinds of subsystems that 
have an operational power supply. In certain embodiments, subsystems may include 
power states in which power is reduced but not completely shut off Power states are 
described in more detail below. By utiUzing a plurality of power states and detecting 
more information about a user's body position, latency can be minimized through 
selection of an ^propriate power state. 

[058] Figure 4A illustrates a chart 400 listing a plurality of power states that may 
be entered by one embodiment of the present invention. Preferably, a power management 
unit 224 may adjust the power supply such that the electronic device enters a plurality of 
hierarchical power states. Each power state in the hierarchy may use more power and 
provide more fimctionality than the next lowest power supply. Power states are listed in 
the chart 400 with the power state using the least amount of power first and the power 
state that uses the most power listed last. Certain embodiments may include more or 
fewer power states than the five illustrated. 

[059] In the illustrated chart, the first power state (LI) Usted indicates that power 
to the electronic device, laptop 104, is substantially off The only subsystems that are 

^ powered are the power management unit 224 and sensors 226 required to detect the 

w 

1 3 presence of a user 102. 
oil? [060] In addition to the powered systems and circuits ofLl, the next power state 

^ > 8 (L2) may include power to all sensors 226 and a central processing subsystem. The 

^ § o m 

^ 1 1 § central processing subsystem may include the CPU 202 and memory devices 204. hi 

§ 2 s addition to the powered systems and circuits of LI and L2, the next power state (L3) may 
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include power to machine communication devices such as a modem, a network card 216, 
or the like. 

[061] In addition to the powered systems and circuits of LI , L2, and L3, the next 
power state (L4) may include power to non-volatile storage devices 206 such as disk 
drives and optical media drives. Of course certain devices may include internal power 
management controls. For example, although powered, the disk drive may not spin-up 
the drive until data is requested. 

[062] The L4 power state may also include power to peripherals such as 
scanners, digital cameras, and printers. In one embodiment, the L4 power state may 
include power to all devices connected to a communication port that powers connected 
devices. For example, the L4 power state may power all controllers and/or hubs 
connected to a Universal Serial Bus (USB) port. In one aspect, the L4 power state 
includes power to a display device 106, though the backlight may be tumed off to 
conserve power. 

[063] The last power state (L5) is a power state in which all circuits and 
subsystems required for full interaction with a user 102 are powered. Consequently, the 
human input devices, such as a keyboard 108 and mouse 1 10, are powered. In addition, 
the backUght of the display device 106 is lit such that the laptop 104 is fully operational. 

[064] As discussed above, the determination module 304 determines a power 
state based on indicia of a user's body position. In one embodiment, certain 
characteristics about a user are combined to form the indicia. Certain indicia are 
indicative of a particular anatomical state of the user. 

[065] Figure 4B illustrates a chart 410 of anatomical states corresponding to 
certain characteristics according to one embodiment. Preferably, the present invention 
includes indicia representative of one of a plurality of anatomical states that are 
associated with different user body positions. Of course, various other anatomical states 
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may be defined and other characteristics may be measured regarding a user 102 that is 
present in close proximity to the electronic device 104. 

[066] In one embodiment, four different characteristics may be determinable 
using the sensors 226, either alone or in combination. First, a presence detection sensor 
226 may detect that an object in the general shape of a human body is in close proximity 
to the electronic device 104. The same sensor 226 may also indicate whether the main 
portion of the object is leaning toward, or away firom, the electronic device 104. 

[067] Another sensor 226 may detect whether the object that appears to be a 
body is in fact living. This sensor 226 may detect breathing, for example, by measuring a 
marked increase in the level of carbon dioxide near the electronic device 104. Such a 
sensor avoids power consumption if the electronic device 104 is being carried or is placed 
facing a wall, a briefcase, or the like. Similarly, people casually passing by the electronic 
device 104 will not cause the device 104 to transition to a higher power level, unless a 
person stops at the electronic device 104. 

[068] A third characteristic is whether a user 1 04 is actually viewing a display 
106. One or more sensors 226 for this characteristic may detect whether or not a user's 
eye is focused on the display 106. Such a sensor 226 may comprise a biometric retinal, or 
eye scanner. The fourth characteristic is whether a user 104 has his/her hands near the 
keyboard 108 or other human input device. 

[069] In certain embodiments, the sensor 226 detects whether any user's eyes are 
directed toward the display 106. In another embodiment, the sensor 226 may register 
only whether or not a particular user's eyes are directed at the display 106. Consequently, 
certain embodiments may dim the display 106 unless a specific user 102 is actually 
viewing the display 106. In this manner, the present invention may be used to provide 
added privacy for a user 102 of the electronic device. 
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[070] Chart 410 illustrates, in one embodiment, how certain combinations of 
characteristics may be combined to define distinct anatomical states indicative of the 
expected level and type of interaction between the user 102 and an electronic device, such 
as a laptop 104. The first anatomical state is presence. The corresponding characteristics 
are a body in close proximity that is living. 

[07 1 ] The next anatomical state is when a user 102 is studying something on the 
display 106. The characteristics detected are a living body having at least one eye 
focused on the display 106. Another anatomical state is when the user 102 is interrupted. 
The characteristics detected are a living body having eyes diverted fi-om the display 106. 
The last anatomical state is working. This anatomical state may be characterized by a 
living body having at least one eye focused on the display 106 and hands near a human 
input device, such as a keyboard 108 or mouse 110. 

[072] Altematively, indicia of a user's body position may be derived &oia other 
sources. In one embodiment, a power management unit 224 may communicate with a 
video or digital camera. The camera may capture a series of images of the user 102 in 
close proximity to the display 106 and human input device 108, 110. The collector 302 
may be configured to analyze the series of images and identify control points in the 
images. 

[073] Control points are points of reference that may be used to determine 
whether the object in the image is human, is moving, has head and/or eyes directed 
towards the display 106, and has his/her hands near the keyboard 108 or mouse 1 10. 



O 2 1 5 Points of reference may be wrists, eyes, shoulders, or the like. 



< ?2 5 ^" [0741 By comparing a plurality of images, the collector 302 is able to detect 

^ g H motion as the position of the control points change. In addition, by comparing differences 

g 2 ^ between images, the collector 302 is able to determine whether a user 102 is viewmg a 
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display. In this manner, the collector 302 may provide indicia of a user's body position 
similar to those provided by sensors 226 as discussed above. 

[075] Figure 5 illustrates a state diagram 500 of power states and the 
characteristics that cause a change m power state. The state diagram is a directed graph 
comprising nodes and arrows. Each node represents one of five different power states 
similar to those discussed in relation to chart 400, namely LI, L2, L3, L4, and L5. The 
arrows represent one or more characteristics which, if present or absent, cause the power 
management unit 224 to transition an electronic device, such as a laptop 104, to a 
different power state. The absence of a characteristic of a user 102 is indicated by a 
symbol. The characteristics illustrated include whether a human shaped body is present 
(B), whether the present body is living (L), whether a user 102 is focusing an eye on a 
display 106 (E), and whether a user 102 has his/her hands near a human input device (H). 

[076] A few examples of power state transitions will be described here. 
However, those of skill in the art will recognize that many possible power state 
transitions may not be illustrated or may exist even though not expUcitly discussed. 

[077] Suppose a laptop 1 04 implementing the present invention begins in power 
state LI. Then, a user 102 approaches the laptop 104. Sensors 226 immediately detect 
the presence of an object resembling a user 102 (B). In addition, other sensors 226 
indicate that the approaching object is ahve (L). Accordingly, the power management 
unit 224 transitions the laptop 104 to power state L2. 

[078] Further suppose that the user 102 focuses his/her eyes on the display 106 
(E). A sensor 226 detects the eye focus, so the laptop 104 transitions to power state L3. 
Next, suppose the user 102 places his/her hands on the keyboard 108 (H). The laptop 104 
transitions to power state L5. The laptop 104 is fully powered and prepared to interact 
with the user 102. Preferably, the transitions between power states LI, L2, L3, and L5 
occur quickly such that the user 102 experiences minimal latency delay waiting for the 
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laptop 104 to power up or power down. In certain embodiments, the approach of the user 
102 is detected early enough that transitions to higher power states occur without 
significantly increasing the delay experienced by a user 102 beyond that experienced 
using conventional power management systems. 

[079] Transitions between power states L1-L5 may occur both to power up and 
power down the laptop 104. Transitions between power states L1-L5 may be conditioned 
on the user characteristics presented as well as the previous power state. For example, if 
a user 102 is using the laptop 104 to conduct Internet research, the user 102 may sit in 
front of the laptop 104 viewing the display 106 and using the mouse 110 and/or keyboard 
108. Once the user 102 finds something of interest, the user 102 may remove his/her 
hands from the keyboard 108 or mouse 1 10 and view the display 106 for an extended 
period reading text. 

[080] In such an example, once the hands are removed, the laptop 104 may 
transition from L5 to L3. The change in characteristics causes the laptop 104 to actively 
transition to a next lower power state L3. Similarly, if the hands are again placed on the 
keyboard 108, the laptop 104 transitions to power state L5. The latency delay in waiting 
for the laptop 104 to transition to L5 is minimal because few subsystems must be 
powered up to make the transition. Accordingly, the change in power states may be 
unnoticed by the user 102. 

[08 1 ] In one embodiment, sensors 226 constantly provide indicia to the collector 

pq 

^ I s 302. The determmation module 304 may use the constant information to gather more 

O 3 D 5 information than simply whether a user 102 has positioned body parts in certain locations. 

^ I o H (i.e. hands over the keyboard.) In the example above, indicia provided by the collector 

^ S O UJ 

.Won 

E S £ 3 302 may include changes in the anatomical position of the user's body parts. For 

^ ° ^ example, movement of hands away from the keyboard may indicate that the user 1 02 
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intends to stop typing for some period. Consequently, the power management unit 224 
may transition the laptop 104 to lower power state. 

[082] In another example, intermediate power states may be skipped depending 
on user body position characteristics. For example, suppose a user 102 is working at the 
laptop 104. The power state is L5. Next, the user 102 leaves the room. The laptop 104 
transitions directly from power state L5 to power state LI . hi this manner, power is 
conserved, while imposing a minimal inconvenience on the user 102. 

[083] In certain embodiments, the determination module 304 may include 
indicators indicative of user habits. For example, if a user 102 habitually leaves the 
laptop 104 at about the same time each day, the indicia that the user 102 has left together 
with other indicators such as the time of day, frequency, and duration of such an action 
may be included by the determmation module 304 in selecting an appropriate power state. 
So, if the user leaves each day at about 9:35 for a drink of water and returns in thirty 
seconds, the power management unit 224 may transition the laptop 104 to a power state 
less than L5 but greater than LI, instead of transitioning directly to LI because the user 
102 has left. 

[084] In one embodiment, the determination module 304 is configured to 
periodically re-evaluate new indicia of the user's body condition and the current power 
state. In this manner, the power management unit 224 may transition to the lowest power 
state LI without user involvement. 

[085] Figure 6 illustrates a flow chart of a method 600 for autonomic power 
adjustment in an electronic device. The method 600 begins by collecting indicia of a 
user's body position in relation to an elecfronic device 104. Preferably, sensors 226 
provide signals in response to detecting particular characteristics regarding a user's 
position. Alternatively, existing components such as a camera may be used to collect 
indicia based on a series of images of a user in the vicinity of the electronic device. 
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[086] Next, a power state for the electronic device is determined 604 based on 
the indicia. Preferably, the indicia provide sufficient information to make the 
determination. Otherwise, the electronic device may maintain the current power state. 

[087] Next, the power supplied to various subsystems of the electronic device is 
selectively adjusted 606. As discussed above, which subsystems experience an increase 
or decrease m power supplied depends on the characteristics detected by the sensors 226. 
In certain embodiments, the electronic device 104 transitions between a plurality of 
power states in response to a plurahty of anatomical states of the user 102. In this 
manner, certain subsystems may be powered only when actually being used by a user 102. 
For example, a backUght of a display 106 may be powered only when a user 1 02 directs 
his/her eyes toward the display 106. 

[088] In certain embodiments, the determination module 304 is configured to 
adapt to specific behavior patterns of a user 102. The determination module 304 may 
combine these behavior patterns with indicia of a user's body position to determine which 
power state to select. In one embodiment, the power state is selected such that the latency 
period for transitioning into the power state is less than the time the user is expected to 
maintain a body position indicative of that power state. 

[089] For example, suppose a user powers up a laptop 104 implementing one 
embodiment of the present invention. The laptop 104 enters power state L5. Further, 
suppose this user habitually leaves the laptop for about forty-five seconds to retrieve a 
cup of coffee each morning. For this particular laptop 104, the latency period between LI 
and L5 may be about fifty seconds. Leaving the laptop 104 would ordinarily cause the 
laptop 104 to enter power state LI. However, in certain embodiments, the time interval 
for retrieving the coffee is measured and recorded. Because the latency period exceeds 
the coffee retrieval time interval, the determination module 304 may not select power 
level LI . Instead, power state L3 or L4 may be selected. 
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[090] Figure 7 illustrates a representative example of a method 700 for 
autonomic power adjustment in which the power state selected is adapted based on user 
behavior. The method 700 measures the time interval that a user maintains a specific 
body position. The next power state is then selected such that the time interval exceeds 
the latency period associated with the selected state. 

[091] For example, if a user's body position comprises whether or not the user's 
eyes are focused on the display 106, If the eyes are focused and the hands are removed 
from the keyboard 108, the user 102 may be studying the display 106. If the eyes divert 
from the display 106 and the hands remain near the keyboard 108, the user 102 may be 
interrupted. 

[092] Preferably, such a body position causes the backHght of the display 1 06 to 
dim. Power states L1-L4 include dimming the display 106. The method 700 selects one 
of these power states such that latency is minimized yet as much power is conserved as 
possible. In one embodiment, the method associates a time interval with the body 
position characteristic, hi method 700, the body position characteristic is "Eyes diverted" 
and the time interval is labeled a divert period. 

[093] The method 700 begins when the user 102 diverts 702 his/her eyes from 
the display 106. Eyes may divert for very small periods of time due to blinking, 
exhaustion, etc. Therefore, the method 700 includes a wait period known as a hysteresis 
delay 704. Once the hysteresis delay expires, a sensor 226 determines 706 whether the 
user's eyes have diverted from the display 106. If not, the method 700 ends 708. If so, a 
divert timer is started 710. 

[094] Next, a determination 7 1 2 is made whether a divert average exceeds a 
latency period for one of the lower power states, for example L2. A divert average may 
be maintained by the determination module 304 and associated with a particular body 
position characteristic. The divert average is an average of a predetermined number of 
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previous divert periods. In one embodiment, three successive divert periods are averaged 
together to compute the divert average. 

[095] If the divert average exceeds a latency period for power state L2, this 
means the user 102 is expected to keep his/her eyes diverted long enough that the laptop 
104 can transition to power state L2 before the user 102 redirects his/her eyes on the 
display 106. Accordingly, if the divert average exceeds the L2 latency period, the laptop 
104 transitions 714 to power state L2. Then, a determination 716 is made whether the 
user 102 still has his/her eyes diverted. If so, the laptop 102 remains in power state L2. If 
not, the current divert timer is stopped 718. 

[096] If the divert average does not exceed a latency period for power state L2, a 
determination 720 is made whether the divert average exceeds a latency period for power 
state L3. Steps 722 -730 illustrate that similar steps to those described in relation to steps 
712-716 are followed for each successively higher power state L3 and L4. 

[097] If the divert average does not exceed a latency period for power state L4, a 
power state transition would be inefficient. Therefore, the method 700 continues by 
stopping 718 the divert timer. Next, a new divert average is computed 732 using the 
newest divert timer value. 

[098] Figure 7 illustrates one method 700 of using user body position 
characteristics to enable the present invention to adapt to different user behaviors. By 
using averages, the method 700 allows adaptation due to changes in the habits of a user 
and the corresponding changes in the time intervals for the body position characteristics. 
Those of skill in the art will recognize that the method 700 is one of many methods that 
may be used to allow the present invention to adapt to behavior of the user to optimize 
power management. For example, a body characteristic such as hands near a mouse 1 10 
may be associated with a timer such that certain lower power states are not selected even 
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thoughthe user 102 appears to be using the mouse 110, when the user 102 is, in fact, 
resting a hand on the mouse 110 out of habit. 

[099] Of course, adaptive features of the present invention are not Umited to 
those described above. Other adaptive features are considered within the scope of this 
invention. Specifically, the control module 304 may consider other factors such as the 
time of day. Adaptive features such as averages may change based on the hour, part of 
the day, day of the week, or the like. Consequently, the present invention may be 
constantly adapting to behavior of one or more users 102. 

[0100] The power management unit 224 may manage all power consumption for 
an electronic device. In certain embodiments, the power management unit 224 is 
configured to cooperate with conventional power management systems which use intemal 
timers. For example, the power management unit 224 may dim a backUght of a display 
106 and a conventional power management system may shut-off power to the display 106 
once an intemal timer expires. 

[0101] In summary, the present invention provides an apparatus, system, and 
method for autonomic power adjustment in an electronic device in response to 
movements of a user in relation to the electronic device. The present invention adjusts 
the power level between a plurality of power levels to minimize power-up and power- 
down latency. The present invention manages power based on indications fi^om a user 
^ beyond presence or absence to optimize power use and adapts power management to use 

§ s habits of the user. 

O ^ § 5 [01 02] The present invention may be embodied in other specific forms without 

^ I o £ departing fi-om its spirit or essential characteristics. The described embodiments are to be 

3 1 i 3 considered in all respects only as illustrative and not restrictive. The scope of the 

§ 2 invention is, therefore, indicated by the appended claims rather than by the foregoing 
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description. All changes which come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 
[0103] What is claimed is: 



W 
H 
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